A novel actinobacterial strain RC1832 T was isolated from the sediment of a fish dumping yard at Balugaon near Chilika Lake. The strain is halotolerant (15 % NaCl, w/v), alkali-tolerant (pH 7-10) and hydrolyzes chitin, starch, gelatin, cellulose, carboxymethyl cellulose, Tween 80, tributyrin, lecithin and casein. Apart from showing typical genus-specific morphological and chemotaxonomic features, the comparision and analysis of the near complete 16S rRNA gene sequence clearly revealed that the strain RC1832 T represented a member of the genus Streptomyces. It exhibited the highest sequence similarities with the strains Streptomyces fenghuangensis GIMN4.003 T (99.78 %), Streptomyces nanhaiensis DSM 41926 T (99.07 %), Streptomyces radiopugnans R97 T (98.71 %), Streptomyces atacamensis DSM 42065 T (98.65 %) and Streptomyces barkulensis DSM 42082 T (98.25 %). The DNA-DNA relatedness of strain RC 1832 T with the closest phylogenetic neighbours S. fenghuangensis GIMN4.003 T and S. nanhaiensis DSM 41926 T were 20±2 % and 21±2 %, respectively. Thus, based on a range of phenotypic and genotypic properties, strain RC1832 T was suggested to represent a novel species of the genus Streptomyces for which the name Streptomyces chitinivorans sp. nov. is proposed. The type strain is RC1832 T (=JCM 30611=KCTC 29696).
The largest genus of the phylum Actinobacteria (K€ ampfer & Labeda, 2006; Lodders & K€ ampfer, 2007; Rong & Huang, 2010; Labeda et al., 2012) , having more than 770 taxonomically validated species, is Streptomyces (Parte, 2014; http:// www.bacterio.net.) . They are aerobic, Gram-positive with a high G+C content, displaying distinct presence of substrate and spore-bearing aerial mycelia and presence of LL-diaminopimelic acid (LL-DAP) with no characteristic sugars in the cell wall (Williams et al., 1983; Embley & Stackebrandt, 1994) . Members of the genus Streptomyces are present in various kinds of environments including diverse terrestrial and marine environments and have been recognized for their ability to produce a wide range of secondary metabolites, bioactive compounds and industrially important enzymes (B erdy, 2005; Watve, 2001; Kim & Goodfellow, 2002; Chater et al., 2010; Antoraz et al., 2015; Abdelmohsen et al., 2015) . With a large number of reported species it becomes laborious to identify novel strains to prevent reisolation and duplication of species already known. Hence, a systematic taxonomic system of distinguishing isolates is necessary to validate the identification. Several techniques in molecular systematics have paved the way from conventional phenotype-based to genotype-based identification (Goodfellow et al., 1992; Embley & Stackebrandt, 1994; Lanoot et al., 2002 Lanoot et al., , 2004 Hatano et al., 2003) . Previously 16S rRNA was used as a gold standard for studying the evolutionary status of bacterial populations (Woese, 1987) . However, with the advent of whole-genome sequencing, microbial species delineation can now be achieved more accurately using genome-wide average nucleotide identity (gANI) metric and alignment fraction (Verghese, et al., 2015) . However, a more comprehensive database of whole-genome sequences of several type species is currently lacking. Although, comparison of 16S rRNA gene sequences for classification at genus level has been widely used for taxonomy of members of the genus Streptomyces, differences at species level are difficult to demonstrate when 16S rRNA sequence similarities are >97 % (Stackebrandt & Goebel, 2006) . This has now been largely streamlined using tenents of polyphasic taxonomy, which lay empahasis on comparison of both phenotypic and genotypic attributes (K€ ampfer et al., 2008) . The present study describes the polyphasic characterization of a novel halotolerant and alkali-tolerant chitinolytic actinobacterial strain RC1832 T isolated from an estuarine environment. RC1832 T was isolated from the brackish sediment of a fish dumping yard at the shoreline of the estuarine Chilika Lake (19 71 N; 85 19 E) in Balugaon Village, District Khordha, Odisha, India. A colloidal chitin agar (CCA) medium (Hsu & Lockwood, 1975) supplemented with nystatin (50 mg l À1 ) was inoculated with a sample sediment suspension and incubated for 7 days at 30 C until the appearance of colonies showing zones of clearance around them. RC1832 T was selected on the basis of its appearance resembling those of members of the genus Streptomyces, producing smooth, densely textured, raised colonies with substrate mycelia adhering to the medium and developing aerial hyphae with colony maturity (Waksman, 1953) The pure strain was maintained routinely on modified Luria Bertani (LB) agar (Ray et al., 2013) media fortified with seawater (SWLB) (Tryptone 10.0 g, yeast 5.0 g, NaCl 5.0 g, seawater 500 ml, distilled water 500 ml, agar 18 g, pH 7.0) and CCA medium at 30 C. The growth and preservation media for RC1832 T was supplemented with sea water since the bacteria had been isolated from an estuarine environment. The strain was preserved in SWLB broth as a suspension of mycelia and spores in 50 % (v/v) glycerol at À80 C. Biomass required for chemotaxonomic and molecular analyses, was obtained by culturing RC 1832 T in SWLB broth for 48 h at 30 C and harvesting by centrifugation and re-suspension in water: 2-isopropanol (1 : 1, v/v) (Ray et al., 2013) .
Morphological and culture characteristics of spore chain morphology, spore surface, and spore chain ornamentation were observed by light and phase contrast (DM300, Leica) and scanning electron microscopy (EVO ® 40 scanning electron microscope, Zeiss) after incubation on ISP 3 agar medium for 3-4 weeks at 30 C. Culture traits of RC1832 T were recorded after 21 days incubation at 30 C on several ISP (International Streptomyces Project; Shirling & Gottlieb, 1966 ) media: Glucose yeast-extract malt-extract agar (ISP 2), oatmeal agar (ISP 3), inorganic salts starch agar (ISP 4), glycerol asparagine agar (ISP 5), peptone yeastextract iron agar (ISP 6) and tyrosine agar (ISP 7). Growth was also recorded on modified ISP media fortified with sea water (50 %, v/v). Colour evaluations for diffusible pigments and substrate mycelia were also observed on ISP media by comparing the cultures with colour chips from ISCC-NBS COLOR CHARTS standards no.2 2106 (Kelly, 1964) .
A range of biochemical and physiological tests were conducted at 30 C as described by Shirling & Gottlieb (1966) , Gordon et al. (1974) , Williams et al. (1983) , Goodfellow et al. (1992, and K€ ampfer et al. (1991) . Tests for gelatin liquefaction, hydrolysis of starch, cellulose, casein, Tween 80, lecithin, tributyrin and chitin and utilization of urea and citrate were performed as described by Collee & Miles (1989) , Hsu & Lockwood (1975) , Smibert & Krieg (1994) and Tindall et al. (2007) . Utilization of D-glucose, D-fructose, maltose, D-xylose, D-cellobiose, L-arabinose, L-rhamnose, D-raffinose, sucrose, D-galactose, D-mannose and inositol as sole carbon source (1 % w/v) were tested on basal salt media fortified with sea water (50 % v/v). Methods for estimation of melanin production and nitrate reduction were performed on modified ISP media as described by Williams et al. (1989) , Goodfellow (1971) and Gordon et al. (1974) . Catalase activity was determined by oxygen bubble formation on addition of 4 % H 2 O 2 to well grown colonies and oxidase activity was determined by change in colour of the oxidase disk (Hi Media). The growth and pH tolerance of RC1832 T was studied over a temperature range of 20-50 C and a pH range of pH 6-10 on SWLB and salt tolerance of the strain was observed at various NaCl concentrations (0-18 %, w/v) in LB media. Antibiotic susceptibility was investigated using antibiotic discs (Hi Media) as described by Williams et al., (1983) on SWLB. Antimicrobial activity of RC 1832 T was also examined on SWLB for 7 days against indicator strains Staphylococcus aureus MTCC 96, Salmonella typhi MTCC 734, procured from the Microbial Type Culture Collection (MTCC, Chandigarh), Micrococcus luteus LBG B4291 and Bacillus cereus IP406 (a kind gift from Dr Peter Luethy, Institute of Microbiology, ETH, Zurich), by observing the formation of zones of inhibition.
The presence of the diagnostic isomer LL-DAP, (Rhuland et al., 1955) , quinones (Tindall, 1990a (Tindall, , 1990b Kroppenstedt, 1985) , polar lipids (Bligh & Dyer, 1959; Tindall et al., 2007) and whole-cell-wall sugars (Staneck & Roberts, 1974) were determined by the Identification Service of the DSMZ (Braunschweig, Germany) by using their respective procedures. Fatty acid analysis was performed according to the standard procedure described by MIDI, USA (Sasser, 1990) and comparison of results was done with fatty acid databases in the Microbial Identification Software package (Sherlock, Version 6.1). The G+C content (mol%) of genomic DNA of RC 1832 T was determined by using thermal denaturation method of Mandel & Marmur (1968) on a Peltier system spectrophotometer (Perkin Elmer).
The extraction of genomic DNA from RC1832 T was carried out by the method of Kieser et al. (2000) . The PCR amplification (Gene Amp PCR machine; Perkin Elmer) of the 16S rRNA gene was carried out as described by Lane (1991) . Amplified product was purified with a QIAquick PCR purification kit (Qiagen) and sequenced using an ABI prism dye terminator cycle sequencing kit (ABI prism Model 3700, Applied Biosystems) as described by Edwards et al. (1989) . The near complete 16S rRNA gene sequence (1435 nt) was compared with existing sequences of representative species of the genus Streptomyces deposited in the GenBank database (Benson et al., 2006) by BLAST (Altschul et al., 1997) and EzTaxon-e server . The top 12 sequences with the highest scores were selected for the calculation of pairwise sequence similarity using global alignment algorithm, which was implemented at the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net). The recovered sequences were aligned against the corresponding sequences retrieved from GenBank using CLUSTALW (Larkin et al., 2007) and edited using BioEdit Sequence Alignment Editor, version 7.1.3 (Hall, 1999) . For establishing phylogenetic relationships, maximum-likelihood (ML; Felsenstein, 1985) , maximum-parsimony (MP; Fitch, 1971) , and minimum-evolution (ME; Rhzhetsky & Nei, 1992) algorithms of MEGA v5 software (Tamura et al., 2011) were used. Th evolutionary distance matrix was calculated using the method of Kimura's two-parameter model (Kimura, 1980) and the tree was reconstructed using the neighbourjoining method (NJ; Saitou & Nei, 1987) using the type strain Actinomadura hibisca JCM 9627 T as an outgroup. The topology of the phylogenetic tree was evaluated by using the bootstrap resampling method of Felsenstein (1985) with 1000 replicates.
DNA-DNA relatedness tests were performed between RC 1832 T and its phylogenetically closest neighbours by the optical renaturation method (De Ley et al., 1970; Huss et al., 1983) . For DNA-DNA hybridization, 3 g of wet biomass from RC1832 T , S. fenghuangensis GIMN4.003 T and S. nanhaiensis DSM 41926 T were separately suspended in water, mixed well and then resuspended in iso-propanol : water (1 : 1, v/v). Cells were disrupted by a Constant Systems TS 0.75 KW (IUL Instruments) cell disrupter and the DNA in the crude lysate was purified by chromatography on hydroxyapatite as described by Cashion et al. (1977) . DNA-DNA hybridization was carried out using a Cary 100 Bio UV/VISspectrophotometer equipped with a Peltier-thermostat 6Â6 multicell changer and a temperature controller with in-situ temperature probe (Varian). RC1832 T was able to grow on most of the ISP media (ISP 3, ISP4, ISP 5, ISP 6, ISP 7) with or without addition of sea water (50 %, v/v) (Table 1) . However, modification of ISP growth media with natural seawater (50 %, v/v) always resulted in luxuriant growth in comparison to when seawater was not added. The isolate was able to grow abundantly with 0-10 % (w/v) NaCl and could tolerate up to 18 % (w/v) NaCl indicating halotolerance to elevated NaCl concentrations. Rich growth at pH 7-10 and tolerance up to pH 12 was observed. The colour of substrate mycelium of strain RC 1832 T on all modified ISP media was off-white except ISP 6 ( Table 1) . RC 1832 T grew abundantly on modified ISP3 and ISP6. Microscopic analysis of colony morphology showed presence of substrate mycelia and powdery spore mass, with aerial mycelia bearing round and smooth spores arranged in straight to flexuous spore chains (rectiflexibles) ( Fig. 1 and S1(a-c) , available in the online Supplementary Material).
The chemotaxonomic features of RC 1832 T were consistent with those of members of the genus Streptomyces. Peptidoglycan showed the diagnostic presence of LL-DAP and cell wall had no characteristic sugar pattern indicative of cell wall type I (Lechevalier & Lechevalier, 1970; Williams et al., 1989) .
The whole-cell hydrolysate contained diphosphatidylglycerol (DPG), phosphatidylinositol (PI), phosphatidylethanolamine (PE) and phosphatidylinositol mannosides (PIM) as prominent polar phospholipids. (Fig.  S2) . The presence of glucose, ribose and trace amount of mannose was also observed. Menaquinones MK-9(H 4 ) (5 %), MK-9(H 6 ) (61 %), MK-9(H 8 ) (13 %), MK-10 (3 %), MK-10 (H 2 ) (1 %), MK-10 (H 4 ) (2 %) and some minor components was detected. The cellular fatty acid profile is iso-C 12: : 0 (0.11 %), C 12 : 0 (0.52 %), anteiso-C 13 : 0 (0.26 %), iso-C 14: : 0 (7.48 %), summed feature 1 (0.11 %), C 14 : 0 (0.38 %), iso-C 15 : 0 (2.78 %), anteiso-C 15 : 0 (21.28 %), C 15 : 1 B (0.20 %), C 15 : 0 (1.05 %), C 16 : 1 H (2.67 %), iso-C 16 : 0 (39.33 %), C 16 : 1 cis 9 (1.12 %), C 16 : 0 (2.55 %), C 16 : 0 9 methyl (0.64 %), anteiso-C 17:1 C (2.07 %), iso-C 17:0 (1.45 %), anteiso-C 17 : 1 (11.18 %), C 17 : 1 cis 9 (0.59 %), C 17 : 0 (0.60 %), C 17 : 0 10 methyl (0.22 %), iso-C 18 : 1 H (0.39 %), iso-C 18 : 1 (0.62 %), summed feature 6 (0.27 %), C 18:1 cis 9 (0.12 %), summed feature 7 (0.32 %), C 18 : 0 (0.53 %) and C 19 : 1 trans 7 (1.18 %). The G+C content of the genomic DNA was found to be 66.2 mol% (mean of two replicates). Various morphological and physiological tests conducted on RC 1832 T confirmed its classification as a member ofthe genus Streptomyces (Waksman & Henrici, 1943; Williams et al., 1989; Manfio et al., 1995) .
The results of the phylogenetic analysis of the near complete 1435 nucleotides of 16S rRNA sequence (JQ862602) of strain RC 1832 T also clearly reveal the close association of the strain to members of the genus Streptomyces. The strain showed highest 16S rRNA sequence similarity of 99.78 %, 99.07 %, 98.71 %, 98.65 % and 98.25 % with type strains S. fenghuangensis GIMN4.003 T (GU356598), S. nanhaiensis DSM 41926 T (GQ871748), S. radiopugnans, DSM 41901 T (DQ 912930), S. atacamensis DSM 42065 T , (AB184616) and S. barkulensis DSM 42082 T (JQ862603) (Fig. 2) . Based on the analysis of the sequences of the RC1832 T and its closest neighbours, a phylogenetic tree was reconstructed by the neighbour-joining method using MEGA 5 which revealed that the RC1832 T formed a distinct phyletic line with the closest neighbour S. fenghuangensis GIMN4.003 T (Zhu et al., 2011 (Zhu et al., , 2012 which was also noticiable from all the other tree making algorithms ML, MP and ME of MEGA software version 5 ( Fig. S3a-d) .
The DNA-DNA relatedness values of RC 1832 T with the phylogenetically closest neighbour strain, S. fenghaungensis GIMN4.003 T , was 20±2 % and with S. nanhaiensis DSM 41926 T was 21±2 % (mean value of three replicates), which is well below 70 %, the threshold value for delineation of genomic species (Wayne et al., 1987) , thus suggesting that RC 1832 T should be considered as representing a different and novel species. (Ray et al., 2014) . All strains were grown at pH 7, NaCl concentration 2 % (w/v) and at 30 C. +, positive; Àz, negative; W, white; OW, off-white; YW, yellowish white; PY, pale yellow; DG, deep green; DB, d ark brown; BL, black; BR, brownish red; B, brown; WG, whitish grey; GW, greenish white; OB, off-brown; WG, whitish grey; BP, blue pigment; RF, rectiflexibles; +++, abundant growth; ++, moderate growth; +, poor growth; À, no growth; A, Aerial mycelium; S, Substrate mycelium. (Santhanam et al., 2012) and S. barkulensis DSM 42082 T showed notable differences ( Table 1) . The spore chain, aerial spore mass, and spore shape of RC 1832 T on modified oat meal agar (ISP 3) was (Shirling & Gottlieb, 1966) with seawater (50 % v/v), ||Luria-Bertani (LB) agar.
Streptomyces chitinovorans RC1832 T (JQ862603)
Streptomyces fenghuangensis GIMN4.003 T (GU356598)
Streptomyces nanhaiensis DSM 41926 T (GQ871748)
Streptomyces radiopugnans DSM 41901 The asterisks indicate conserved branches recovered when maximum-parsimony (Fitch, 1971) , maximumlikelihood (Felsenstein, 1985) and minimum-evolution (Kimura, 1980) methods were used to reconstruct phylogenetic trees. The type strain Actinomadura hibisca JCM 9627 T was used as an outgroup. GenBank accession numbers have been included in parentheses. Only bootstrap values (expressed as percentages of 1000 replicates) >50 % are shown at branch points. Bar, 0.001 substitutions per nucleotide position.
straight to flexous (rectiflexibles, RF; Fig. 1) , whitish grey and round, respectively, whereas it was straight, grey and cylindrical for strain S. fenghuangensis GIMN4.003 T . Physiologically, strain RC 1832 T was halotolerant, alkali-tolerant and showed differences in utilization of several carbohydrates from the S. fenghuangensis GIMN4.003 T . Enzymatic hydrolysis tests of strain RC 1832 T for starch, cellulose, chitin, lecithin, casein and pectin were positive, whereas they were negative for S. fenghuangensis GIMN4.003 T . Utilization of urea was negative for strain RC1832 T whereas, it was positive for S. fenghuangensis GIMN4.003 T (Table 1) . Fig. 1 and S1(a-c) ].
The aerial mycelia are white, while substrate mycelia are off white. No diffusible pigments and no melanin pigment is seen on any of the ISP media tested. Aerial spore mass colour was whitish grey on oatmeal agar (ISP 3). The spore chain is straight to flexuous (rectiflexibles, RF) and spores are round (1Â1 µm) with a smooth surface. Growth occurs at between 30 C and 40 C, with optimum at 30 C and tolerance of temperatures up to 50 C. Growth also occurs at pH 7-10, with optimum at pH 8. NaCl is not essential for growth but tolerance is up to 18 % (w/v).
Glucose, galactose, mannose, maltose, sucrose, fructose, arabinose, cellobiose, xylose, inositol, rhamnose, ribose and raffinose are utilised as sole sources of carbon. Results of utilization tests for citrate and urea are negative. Tests are positive for amylase, chitinase, gelatinase, cellulase (cellulose and carboxymethyl cellulose), lipase (Tween 80 and tributyrin), lecithinase, caseinase, catalase and oxidase. The type strain is sensitive to (µg/disk) Amoxycillin (50) The type strain, RC 1832 T (=JCM 30611 T =KCTC 29696 T ), was isolated from estuarine brackish water sediment samples collected from a fish dumping yard in Balugaon Village, Chilika Lake, Odisha, India. The G+C content of the DNA of the type strain is 66.2 %. 
